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(57) Apparatus for controlling a lift door in which a 
detection zone (10) is illuminated with an in- 
frared light source (15) and reflected light is 
received by image sensing means (18). A data 
processing means (17) is programmed to anal- 
yse video information stored in a video memory 
(22) and a reference field memory (23) so as to 
distinguish an object approaching the lift doors 
(1, 2) from an object passing by the lift, and also 
distinguishes stationary objects in the path of 
the lift doors (1, 2) from background objects. In 
a preferred embodiment, a low resolution image 
sensing means (18) is used and video infor- 
mation is binned and stored in the video mem- 
ory (22). 
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@ Lift door apparatus. 



(57) Apparatus for controlling a lift door in which a 
detection zone (10) is illuminated with an in- 
frared light source (15) and reflected light is 
received by image sensing means (18). A data 
processing means (17) is programmed to anal- 
yse video information stored in a video memory 
(22) and a reference field memory (23) so as to 
distinguish an object approaching the lift doors 
(1, 2) from an object passing by the lift, and also 
distinguishes stationary objects in the path of 
the lift doors (1, 2) from background objects. In 
a preferred embodiment, a low resolution image 
sensing means (18) is used and video infor- 
mation is binned and stored in the video mem- 
ory (22). 
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This invention relates to lift door apparatus in 
which means are provided for sensing an object and 
for deriving a signal which is used for controlling the 
lift door. The invention may be applied where a single 
lift door closes against a fixed frame member or jamb, 
or where double lift doors close together. In either 
case, the lift door travels along a closing path across 
which a person or an object passes in order to enter 
or to leave the lift. 

Many infrared and optically based proximity de- 
tection systems have been designed for use in con- 
trolling the operation of a lift door or doors. However, 
none of these known systems have had the ability to 
protect the door aperture itself and to observe the 
area immediately in front of the closing path in order 
to detect approaching lift passengers. One of the 
problems facing the invention is to provide lift door 
apparatus in which it is possible to distinguish ap- 
proaching passengers so that the lift door control sys- 
tem can be caused to delay door closure to allow for 
a late arrival to enter the lift. One of the aspects of this 
problem is to distinguish between a person who may 
be passing by the lift and a person approaching the 
lift door in order to enter the lift. A further problem is 
to distinguish between stationary objects which could 
intercept a closing lift door and background objects 
which would not interfere with door operation. Such 
background objects may vary from floor to floor of a 
lift shaft and/or may include edges of the lift door or 
doors. 

According to a first aspect of the invention, lift 
door apparatus comprises: 

image sensing means for viewing a zone ex- 
tending between a closing path of at least one lift door 
and a position remote from said closing path and for 
generating an image in the form of a matrix, means 
for selectively and repetitively scanning a first portion 
of the matrix corresponding with a first part of said 
zone which is remote from the closing path of said 
door, 

means for storing data representing the scan- 
ning of said first portion of the matrix, 

means for processing the data to determine 
whether an object in the first part of said zone is a 
moving object and for distinguishing between moving 
objects which approach said closing path and which 
move transversely thereto, and 

means connected to said data processing 
means for generating a signal in response to a moving 
object approaching said closing path, which signal is 
used to delay closure of said lift door to enable said 
approaching object to enter the lift. 

in the latter apparatus, it is preferred that the 
scanning means also selectively and repetitively 
scans a second portion of the matrix, which second 
portion corresponds to a second part of said zone ad- 
jacent said closing path and in which stationary ob- 
jects can be detected that could otherwise cause an 



obstruction to closure of said lift door. In this case, the 
data processing means also distinguishes stationary 
objects adjacent said closing path in order to gener- 
ate the signal to prevent closure of the lift door. 

5 In the latter apparatus, the image sensing means 

is preferably a compact solid state image sensor with 
high sensitivity in the infrared region and high resolv- 
ing power. Such a sensor can be mounted, for exam- 
ple, in a compact housing in the door lintel of a lift car, 

10 so that it is arranged to view the zone which includes 
the space adjacent the closing path of the door 
and/or space between the door and the closing frame 
(or another door) as well as an area stretching out 
into, e.g. a hall way in front of the lift door. 

15 Suitably, an infrared light source is used to illu- 

minate the zone and a narrow band infrared filter is 
preferably used in front of the viewing aperture of the 
image sensing means. The use of infrared light elim- 
inates confusion due to variations in ambient lighting 

20 conditions and also allows the apparatus to work cor- 
rectly even in darkness. 

The lift door apparatus according to the first as- 
pect of the invention incorporates scanning means to 
scan first (and preferably also second) portions of the 

25 matrix, since this is one way of enabling a reduction 
to be made in the processing time required to sample, 
store and analyse the required data. In the second as- 
pect of the invention (as described below), a different 
approach is adopted. Instead of scanning portions of 

30 a high resolution matrix, a low resolution matrix is fully 
scanned and pixel information is "binned" in video 
memory. This distinction and its relative advantages 
will become more apparent from the following de- 
scription. 

35 According to a second aspect of the invention, lift 

door apparatus comprises: 

image sensing means for viewing a zone ex- 
tending between a closing path of at least one lift door 
and a position remote from said closing path, and for 
40 generating an image in the form of a low resolution 
pixel matrix, 

scanning means for selectively and repetitive- 
ly scanning the matrix, 

binning means for receiving the output of the 
45 scanning means and for causing data, relating to dif- 
ferent groups of pixels in the matrix, to be stored in re- 
spective portions of data storing means, 

means for processing the stored data to deter- 
mine whether an object in said zone is a moving ob- 
50 ject and for distinguishing between moving objects 
which approach said closing path and which move 
transversely thereto, and 

trigger means connected to the data process- 
ing means for generating a trigger signal when the 
55 data processing means determines that the moving 
object is approaching said closing path, said trigger 
signal being used to delay closure of said lift door to 
enable said approaching object to enter the lift. 
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Preferably, the data processing means is also ca- 
pable of determining whether a stationary object, in 
said zone could cause an obstruction to prevent clo- 
sure of the lift door and is also capable of causing the 
trigger means to generate the trigger signal accord- 
ingly. Such apparatus also preferably includes refer- 
ence data storing means for storing data, derived from 
the scanning of the matrix, representing images of 
fixed and/or movable background objects, which ob- 
jects would not normally interfere with closure of the 
lift door. A fixed background object may be, for exam- 
pie, a plant holder located outside the lift door on a 
particular floor of the lift shaft in which the lift travels. 
A movable background object would include, for ex- 
ample, a lift door which moves towards or away from 
a closing frame (which frame is a fixed background 
object) or lift doors which open and close relative to 
one another. The lift door or doors would intercept the 
field of view of image sensing means mounted in the 
lift (i.e. inside the door or doors), but would be "seen" 
as a frame edge (to be ignored) when determining the 
presence of an approaching object, or the presence 
of a stationary object which could interfere with door 
closure. 

In the apparatus according to the second aspect 
of the invention, the detection zone is preferably illu- 
minated by repetitively generated bright and short 
pulses of infrared light. This enables the electronic 
shutterfacility of a modern CCD detector, which could 
form the image sensing and scanning means, to be 
used in sampling objects in the detection zone only 
during the period within which the infrared radiation 
pulse is switched on. A narrow band optical filter is 
preferably positioned in front of a lens in the image 
sensing means so as to receive infrared light reflected 
from objects in the detection zone. By using infrared 
illumination advantage can be taken of the high re- 
flectivity, in the near infrared spectrum, of human 
skin. Moreover, most coloured dyes are also very re- 
flective in the near infrared spectrum and this also 
enables the image sensing means to "see" most fab- 
rics very well. A heavily clothed figure should there- 
fore be seen almost as well as exposed skin, and the 
doors can be controlled appropriately. 

The latter arrangement also enables readily 
available infrared diode emitters to be used with short 
duty cycles during which the optical output is boosted 
and high heat dissipation can be tolerated for a short 
time. This avoid the problem that high power infrared 
emitting diodes are not readily available at reason- 
able cost. The invention can be embodied so as to 
make use of readily available lower cost parts. More- 
over, ambient light effects are minimised, by the short 
exposure of the infrared pulses, and shadows and re- 
flected sunlight do not pose a serious problem. 

The advantage of using of the low resolution pixel 
matrix and the binning means, which causes groups 
of pixel data to be stored in respective portions of 



memory, will now be explained. 

The image sensing and scanning means provides 
information similar to frames of video fields. These 
frames of information would normally need to be stor- 
5 ed, on a pixel-by- pixel basis, so that suitably pro- 
grammed data processing means could compare the 
stored information on a frame-by-frame basis as well 
as with stored reference frames. As a television im- 
age, for example, is usually of quite high resolution 
10 (typically 500 picture elements per scan line), this 
would lead to problems of image storage and process- 
ing time. One picture, for example, may consist of 
about 128,000 discrete elements and a large amount 
of memory would be needed for its storage. The need 
15 to store reference frames of information for distin- 
guishing background objects further compounds the 
problem of storage. However, in the preferred lift door 
apparatus, it is assumed to be unnecessary to resolve 
objects smaller than about 10mm diameter within a 
20 door opening of, say, 1 metre width. This means that 
an image of 100 x 100 pixels resolution should be 
more than adequate, and this reduces the storage 
and processing requirements dramatically. CCD re- 
solution is thereby advantageously reduced and an 
25 additional advantage of increased sensitivity is ob- 
tained by "binning" pixels during readout, where 
groups of 5 x 2 pixels are summed into each portion 
or cell of memory. The sensitivity of the sensing 
means is improved by a factor of 1 0x and this further 
30 effectively enhances the performance of the illumin- 
ating diodes. 

As the sensing means is best located within the ■ 
lift in order to scan detection zones on each floor, the 
lift doors would then close through the field of view 
35 of the sensing means and could be seen as a source 
of spurious detections if the doors are not ignored by 
the sensing means or software in the data processing 
means. This can be dealt with by attaching small ret- 
roreflective patches to the doors at the extreme top 
40 and bottom ends, such patches would be seen as 
bright dots in the field of view and would enable the 
software to define the door outline. Thus only objects 
adjacent a door edge, or between the door edges 
would be seen as being in a potentially hazardous lo- 
45 cation. 

On installation of the lift door apparatus, a series 
of reference fields are preferably recorded into an 
electrically erasable read-only memory, one for each 
floor of the building. The sensing means is then se- 
50 lectively switched into its operating mode, by the data 
processing means, for the appropriate floor and the 
data processing means then compares the respec- 
tive reference field with that which is visible when the 
doors open. Sensitive zones in the field of view are 
55 defined by software in the data processing means so 
that objects inside and outside the door are ignored, 
either if they are recognised within the reference 
field, or are not in the reference but are not approach- 
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ing the door. If an object is seen with a well-defined 
trajectory towards the door, then the apparatus will 
hold the doors open until the object has passed 
through. This can be deemed the "approach detec- 
tion" mode of the apparatus. 

If a non-reference object is within the "between 
doors" zone, then the trigger signal will be issued 
whether the object is moving or stationary. To avoid 
deliberate obstruction of the doors holding then open 
for long periods, this trigger signal can be allowed to 
decay after several seconds and thereby allow the 
door to try to close. However, any movement of the 
object will be interpreted as a new valid trigger signal 
and so stop the doors again. This can be deemed a 
"dynamic obstruction" mode of the apparatus and will 
avoid any animate object being trapped by the closing 
door. 

Embodiments of the invention will now be descri- 
bed with reference to the accompanying schematic 
Drawings, in which: 

Fig. 1 is a sectional view through the front of a lift 
car showing two pairs of doors closing towards 
each other, one pair in the lift and the other on 
the lift floor, 

Fig. 2 is a side elevation of the lift entrance de- 
picted by Fig. 1 , 

Figs. 3a- 3c show a matrix of image sensing 
means used in the embodiment of Figs. 1 and 2, 
and 

Fig. 4 is a block diagram of a preferred embodi- 
ment of the invention. 

Referring to Figs. 1-3, a lift car L has lift doors 1 , 
2 which close slidably together as indicated by the ar- 
rows 1a, 2a. The doors 1 , 2 run on tracks (not shown), 
as will be known to those skilled in the art. The draw- 
ing has been simplified, for the sake of explanation, 
and is hence only schematic. The floor at which the 
lift has stopped has walls 3, 4 which also support 
tracks for doors 3a, 4a that close the lift opening when 
the lift moves to the next floor. Image sensing means 
5 is mounted in a door lintel 6 of the lift car L so as to 
scan a semi-conical region 8 which encompasses a 
space which is adjacent the closing paths 9 of doors 
1 , 2 and 3a, 4a, and extends outwardly in front of the 
closing path 9. This scanning region is indicated by 
the broken lines in Figs. 1 and 2. 

The image sensing means 5 includes a matrix 11 
(shown in Fig. 3) in which the relative positions of ob- 
jects in the spaces 8 and 10 can be detected. This ma- 
trix also enables moving objects to be distinguished 
from stationary objects. A large stationary object (or 
two stationary objects) are depicted by the sectional 
line shading 12 in the first row of the matrix 11 in each 
of Figs. 3a, 3b and 3c. As the objects do not move, 
their positions in the matrix remain the same as 
shown in Figs. 3a, 3b and 3c. However, the cross- 
hatched squares 13 and 14 represent moving objects 
and their positions in the matrix changes accordingly 



with time. Object 13 is approaching the lift door be- 
cause, with the passage of time, its position in the 
matrix moves closer to the first row which is directly 
adjacent the closing path of the door. However, object 
5 14 is moving transversely to this direction, since its 
position in the matrix always remains in the last row 
whilst it moves, with time, across the matrix from right 
to left. 

Data processing means, such as the microcon- 

10 trailer 17 shown in Fig. 4 (described in more detail be- 
low) is programmed to analyse stored data with re- 
spect to time so as to determine relative positions of 
objects in the matrix with respect to the closing path 
of the door. The processing means also determines 

15 whether or not the detected objects are stationary or 
moving and, if they are moving, whether or not they 
are approaching the closing path of the door or trav- 
elling transverse thereto. Signal generating means, 
responsive to the data processing means, is triggered 

20 when an object approaches the lift doors whereby a 
signal is generated to delay closure of the lift doors 
until the approaching object has entered the lift. 

in the case of detecting a stationary object, the 
signal processing means also generates the signal to 

25 delay lift door closure. 

Referring to Fig, 4, a preferred embodiment of 
the invention employs an array of infrared diodes 15 
which are attached to a convenient part of the door 
lintel 6 of the lift car 7 (Fig. 2). These diodes 15 illu- 

30 minate the scanning space or detection region 10 and 
are driven by a diode pulser 16 which is actuated by 
a signal from microcontroller 17. Microcontroller 17 
analyses the stored data and provides outputs for op- 
erating the lift door apparatus. A CCD imager 18, with 

35 an IR filter 1 9 receives IR light reflected from objects 
in the scanning zone. The imager 18 may be of known 
construction or purpose-made. This device gener- 
ates images of objects in the scanning zone in the 
form of a low resolution pixel matrix and is controlled 

40 by clock drivers 19 connected to microcontroller 17. 
The clock drivers 19 are operated so as to provide a 
"shutter input" to imager 1 8 whereby the latter device 
samples the scanning zone only during a brief pulse 
of infrared light from diodes 15. The output of imager 

45 18 is supplied to an amplifier 20 which supplies an 
amplified signal to circuitry 21 for digitising and "bin- 
ning" pixel values intermittently stored in video mem- 
ory 22 and derived from the imager matrix 18. 

Reference field memory 23 contains stored refer- 
so ence images of each lift landing so as to identify 
known background objects on each floor (both inside 
and outside the lift doors). The video memory 22 and 
reference field memory 23 are both connected to mi- 
crocontroller 17 which is programmed to recognise 

55 background objects which would not normally inter- 
fere with lift operation. The microcontroller may be 
programmed to compare respective frames of refer- 
ence information with the scene viewed by the sens- 
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ing means on each floor. The microcontroller 17 is 
also programmed to distinguish stationary objects 
from moving objects, so that stationary objects which 
could obstruct closure of the lift door can be recog- 
nised and the door prevented from closing. Microcon- 5 
trailer 17 is further programmed to distinguish moving 
objects which approach the closing path of the lift, 
door from objects which move transversely thereto. 
After analysing images matrices generated from the 
scanning zone over a predetermined period, the mi- 10 
crocontroller provides a drive signal to relay 24 for 
closing the lift door, or delaying closure as the case 
may be. The programming of the microcontroller and 
the structure and operation of lift door control devices 
will be generally known to those skilled in the art. 15 
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Claims 

1 . Lift door apparatus comprising: 

image sensing means for viewing a zone 
extending between a closing path of at least one 
lift door and a position remote from said closing 
path and for generating an image in the form of 
a matrix, means for selectively and repetitively 25 
scanning a first portion of the matrix correspond- 
ing with a first part of said zone which is remote 
from the closing path of said door, 

means for storing data representing the 
scanning of said first portion of the matrix, 30 

means for processing the data to deter- 
mine whether an object in the first part of said 
zone is a moving object and for distinguishing be- 
tween moving objects which approach said clos- 
ing path and which move transversely thereto, 35 
and 

means connected to said data processing 
means for generating a signal in response to a 
moving object approaching said closing path, 
which signal is used to delay closure of said lift 40 
door to enable said approaching object to enter 
the lift. 

2. Apparatus according to Claim 1 wherein the 

scanning means also selectively and repetitively 45 
scans a second portion of the matrix, which sec- 
ond portion corresponds to a second part of said 
zone adjacent said closing path and in which sta- 
tionary objects can be detected that could other- 
wise cause an obstruction to closure of said lift so 
door, said data processing means also distin- 
guishing stationary objects adjacent said closing 
path in order to generate the signal to prevent clo- 
sure of the lift door. 



Apparatus according to any preceding Claim in- 
cluding a source of infrared light for illuminating 
said zone and in which the image sensing means 



55 



is a solid state image sensor with high sensitivity 
in the infrared region and high resolving power, 
said sensor being mounted in a lift car and ar- 
ranged to view the zone which includes the space 
adjacent the closing path of the door and/or 
space between the door and the closing frame (or 
another door) as well as an area stretching out 
into, e.g. a hall way in front of the lift door. 

4. Lift door apparatus comprising: 

image sensing means for viewing a zone 
extending between a closing path of at least one 
lift door and a position remote from said closing 
path, and for generating an image in the form of 
a low resolution pixel matrix, 

scanning means for selectively and repet- 
itively scanning the matrix, 

binning means for receiving the output of 
the scanning means and for causing data, relat- 
ing to different groups of pixels in the matrix, to 
be stored in respective portions of data storing 
means, 

means for processing the stored data to 
determine whether an object in said zone is a 
moving object and for distinguishing between 
moving objects which approach said closing path 
and which move transversely thereto, and 

trigger means connected to the data proc- 
essing means for generating a trigger signal 
when the data processing means determines 
that the moving object is approaching said clos- 
ing path, said trigger signal being used to delay 
closure of said lift door to enable said approach- 
ing object to enter the lift. 

5. Apparatus according to Claim 4 wherein the data 
processing means is also capable of determining 
whether a stationary object, in said zone could 
cause an obstruction to prevent closure of the lift 
door and is also capable of causing the trigger 
means to generate the trigger signal accordingly. 

6. Apparatus according to Claim 4 or 5 further in- 
cluding reference data storing means for storing 
data, derived from the scanning of the matrix, 
representing images of fixed and/or movable 
background objects, which objects would not nor- 
mally interfere with closure of the lift door, said 
data processing means also being programmed 
to ignore said images of background objects. 

7. Apparatus according to Claim 6 in which the ref- 
erence data is stored for each floor served by the 
lift, said data processing means selectively com- 
paring the respective reference data for a floor 
with the scene view by the imaging means of the 
same floor. 
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Apparatus according to any of Claims 4-7 in 
which said zone is illuminated by a source of in- 
frared light and further including pulse drive 
means connected to said source so as to illumin- 
ate said zone with pulses of infrared light, said 
pulse drive means being controlled by the data 
processing means and said imaging sensing 
means sampling infrared light reflected from ob- 
jects in said zone only during periods within which 
said zone is illuminated. 
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